This paper proposes an alternative test of the monopolistic competition model of international trade that has an implication for the relationship between the volume of trade and similarity among trading countries in the size of the economy. In the existing literature the model's implication has been tested for aggregate trade, which includes the sectors that are not characterized by product differentiation. In contrast, this paper focuses on trade of differentiated products that the monopolistic competition model directly aims to describe, and derives an equation predicting that the volume of trade in the differentiated sectors will be larger as the trading countries are more similar in GDP and more symmetric in production structure. This prediction is tested using disaggregated data on trade and manufacturing production, employing a non-linear estimation method to handle zero-trade observations.
Introduction
New Trade Theory is characterized by a model of international trade with monopolistic competition among the varieties of differentiated products in an industry. This theory was originally motivated by the fact that a large part of international trade is intra-industry rather than inter-industry, 1, 2 a characteristic that neo-classical trade theory such as the Heckscher-Ohlin (H-O) Model or the Ricardian Model cannot explain. The monopolistic competition models of international trade, first presented in the works of Krugman (1979 Krugman ( , 1980 and Helpman (1981) , Although this theoretical implication is clear-cut and has an empirically testable form, only a few studies have directly examined this implication empirically. Helpman (1987) employed time-series data on 14 OECD countries and graphically showed the positive relationship between the volume of trade among the countries as a fraction of their total GDP and the similarity in their respective GDPs. Hummels and Levinsohn (1995) performed more formal empirical tests using panel data on bilateral trade flows between pairs of the same 14 OECD countries, as well as those of another 14 non-OECD countries. They expected that the data on trade between the OECD countries would fit the monopolistic competition model while it would not be the case for trade between the non-OECD countries, because the former was likely to be more intra-industry trade of horizontally differentiated products 3 that the theoretical model considers, while the latter did not seem to be characterized as such. Their results, however,
showed that GDP similarity between two trading countries well explained the volume of bilateral trade between them, both for the OECD and non-OECD countries, which left a puzzle. Debaere (2005) re-examined the study by Hummels and Levinsohn, and claimed that their empirical approach may not have been able to properly assess the impact of the income similarity on bilateral trade, and this was why their results were puzzling. He thus presented a modified equation explaining the relationship between the volume of trade and GDP similarity between countries, and estimated it using updated data for the same set of OECD and non-OECD countries. From the estimation results he concluded that positive correlation between the volume of trade and size similarity among trading countries was significant only for the OECD countries but not for the non-OECD countries, and thus the puzzle was not present any more. 4 These studies attempted to test the monopolistic competition model in the context of aggregate trade, which includes all types of traded goods. However, not all goods that are internationally traded are differentiated products, and the trade of those non-differentiated products may be driven by other mechanisms than the one that is described by the monopolistic competition model. In fact, to expand the tested implication-that the volume of trade will increase as trading economies become more equal in size-to the level of aggregate trade, they assumed that all industries were internally differentiated in terms of product varieties, or 3 In literature two types of product differentiation are distinguished: horizontal product differentiation and vertical product differentiation. The former arises when products of a similar quality vary in certain characteristics, while the latter arises when products differ in quality. The product differentiation discussed in the current paper is horizontal differentiation, which the monopolistic competition model considers. 4 The appendix reviews the work by Hummels & Levinsohn (1995) and by Debaere (2005) .
alternatively that perfect specialization of production took place in every sector. These assumptions are very restrictive and thus may not be realistic.
In this paper, I propose an alternative empirical approach to testing the implication of the monopolistic competition model for the volume of trade among countries. The key is to focus on the trade of differentiated products. I review the model and derive the equation for the volume of bilateral trade of differentiated products without imposing such restrictive assumptions as those mentioned above. The derived alternative equation suggests that the simple GDP similarity between trading economies does not predict the volume of bilateral trade of differentiated products. The equation, however, implies that the volume of bilateral trade of differentiated products, as a share in the domestic production of these products in the two trading countries, will be proportional to the two countries' GDP similarity adjusted for how symmetric the countries are in their production structure. In other words, the volume of trade of differentiated products between two countries will be larger as the countries are more similar in GDP, as well as in the share of the differentiated sectors in GDP.
This implication must be tested with data on trade and production in the sectors of differentiated products. Therefore, in addition to data on aggregate trade and GDP such as those used in the previous studies, I employ disaggregated data on trade and production in manufacturing industries for a range of countries. I also use the information on product characteristics classified by Rauch (1999) to define the "differentiated sectors." Furthermore, to handle zero-trade observations in the data, I apply non-linear estimation methods in addition to the benchmark OLS estimation of log-linear forms of the volume-of-trade equations.
The empirical analysis, especially the result of the estimation with a non-linear method that handles zero-trade observations, shows that the tested implication of the monopolistic competition model-that the volume of bilateral trade per production will be larger as two trading countries are more similar in GDP and more symmetric in production structure-is supported by the data for both OECD and non-OECD countries, not only for the differentiatedsector trade but also for aggregate trade. Therefore, in terms of the relationship between the volume of trade and the size similarity, we go back to Hummels and Levinsohn's puzzle, contrary to Debaere's conclusion. However, using a unique approach that separates trade of differentiated products from aggregate trade, this paper also demonstrates two other things: (i) as well as Haveman and Hummels, focus on the elasticity of national income with respect to the volume of trade, which will be smaller than unity if specialization in production is incomplete.
However, aggregate trade involves the trade of various products, some of which the monopolistic competition model fits well, but others may be characterized by product homogeneity and incomplete specialization; thus all trade should not be explained by a single model in a unified manner. 5 In contrast, Harrigan (1994) and Jensen (2000) have estimated the gravity equation at the sectoral level using data on trade and production in manufacturing industries. 6 They, however, do not explicitly consider differences in product characteristics (differentiated versus homogeneous) across manufacturing industries, to which this paper pays careful attention. 7 The remainder of this paper is organized as follows. The next section derives the equation explaining the volume of trade in the differentiated sectors, and discusses its implication in comparison with the equation for aggregate trade that has been used in the existing literature.
The section presenting the empirical approaches follows. The data employed for the empirical analysis are described in section four. The results of the analysis are presented and discussed in the fifth section, which is followed by the concluding section.
Monopolistic Competition Model and Volume of Trade
In this section, to account for the volume of trade I derive two formulas from the monopolistic competition model of international trade introduced by Helpman and Krugman (1985, Chapters 6-8) . This model is characterized as follows: (i) some sectors have a number of product varieties (I hereinafter call these sectors "differentiated sectors"); (ii) each of the product 5 Feenstra, Markusen and Rose also divide trade into three categories according to Rauch (1999) to estimate their gravity equation, but the explanatory variables are for the aggregate; i.e., GDPs of exporter and importer countries. 6 Harrigan introduces a variety of proxies for scale economies in his equation to see whether the home-market effect would be significant, which would indicate a monopolistic competition rather than Armington preference for national varieties. Jensen's interest is in the size of the estimated elasticity of volume of imports to the importer's income. 7 Other empirical work such as Anderson and van Wincoop (2003) carefully derives a structural gravity-type equation from a generalized monopolistic competition model, but due to the unobservability of variables, their attention is limited to a certain factor such as distance or trade cost. Lai and Zhu (2004) , on the other hand, have made an extended effort to measure as many variables as possible to estimate their structural and generalized volume-of-trade equation with data.
varieties in a differentiated sector is produced monopolistically competitively by a single firm;
and (iii) consumers throughout the world have identical preferences that are characterized by a two-tier utility function: the upper-tier utility is homothetic, and the sub-utility over product varieties within a sector takes a CES functional form.
Here I consider an equilibrium of frictionless trade so that the price of each good or horizontally differentiated product is equal throughout the world. In this free-trade equilibrium, every product in the differentiated sectors produced in each country will be divided among all consumers worldwide, according to their share of world income. The volume of exports from one country to another is thus expressed as follows: EX for s H ∈ , is indeterminate. That is, although a country will export a homogeneous product when the amount of the product that the country domestically produces is greater than the amount it consumes, how much of the country's product will be exported to which country(ies) cannot be determined because, in the free-trade equilibrium, importing countries will be indifferent about from which country(ies) they import the homogeneous product to supply their domestic demand.
Aggregate volume of trade
The version of the formula for the aggregate volume of trade, which has been employed in studies such as Helpman (1987) , Hummels and Levinsohn (1995) , and Debaere (2005) , further assumes the following:
(A1) Each country in the world is also completely specialized in production in the homogeneous sectors. That is, every homogeneous product is produced by no more than one country. Under this assumption, any product produced by a sole producer country (i.e., a sole exporter) will be imported by all other countries, and how much each country imports will be determined according to the country's share of world income. Therefore, no indeterminacy will be left for the quantities of bilateral trade, and the volume of exports in both homogeneous and differentiated sectors from Country i to Country j is expressed as follows:
(A2) Products in any sector are tradable, i.e., there exist no non-traded sectors. 8 Under this assumption, the aggregate value of a country's production over the sectors equals its income, or GDP. That is;
Therefore, following Helpman (1987) , the aggregate bilateral trade volume between Countries i and j is expressed as follows: 9 Using this index of size similarity, 10 the equation is expressed as follows:
where
This Equation (2A) implies that the volume of aggregate bilateral trade, as a share in the total income (GDP) of the two trading countries, will be greater as their respective national incomes are more similar.
Volume of Trade in the Differentiated Sectors
The two assumptions A1 and A2 are very restrictive. Since Equation (2A) can be derived only with these restrictive assumptions, its validity should be limited accordingly. However, by focusing our attention on the differentiated sectors, it is possible to derive an alternative formula that can explain the volume of trade in such sectors in a similar way but without imposing these assumptions. Since countries are considered to be completely specialized in production of unique 9 Note that Y j /Y ij = 1 -Y i /Y ij . In theory, this index takes the minimum value of zero when two countries are completely dissimilar in GDP; i.e., Y i /Y ij = 0 and Y j /Y ij = 1, or vice versa. 10 Helpman (1987) , as well as Hummels & Levinsohn (1995) , calls this term the "dispersion" index, while Debaere (2005) names it the "similarity" index. I follow the latter since this index being larger means two countries being more similar in income.
varieties in the differentiated sectors, by taking the first term of Equation (1), export from Country i to Country j in the differentiated sectors is described as follows: 
The term in the square brackets in this equation is similar to the size similarity index in Equation 
, and this "weight" term indicates how large the share of the differentiated sectors in GDP is in each country, relative to the overall GDP share of the differentiated sectors in the two countries. In other words, this term indicates GDP similarity between two countries adjusted for how symmetric the two countries are in their production structure. This term takes a larger value as two countries are more similar in the size of their economies and more symmetric in production structure. I thus call this term the production structure-adjusted size (or GDP) similarity, and re-write the equation as follows:
Equation (2D) implies that the volume of bilateral trade in the differentiated sectors, as a share in the two countries' total production in those sectors, is predicted by the size similarity between the two trading countries adjusted for how symmetric their production structures are. That is, two countries will trade more in the differentiated sectors as the two countries are more similar in GDP and more symmetric in production.
Discussion on Production Structure-adjusted Size Similarity
As mentioned above, the volume of bilateral trade in the differentiated sectors, as a share in the two countries' domestic production in those sectors, is proportional to the similarity in size between the countries that is adjusted for the symmetry of the country pair's production structure.
This adjusted index of GDP similarity takes a larger value as two trading countries are more similar in GDP and more symmetric in production structure. This is true in general, i.e., for more common cases in which a country with larger GDP is a larger producer in the differentiated sectors than the other country. 11 However, this index is in fact even greater for less common cases in which a country with smaller GDP is a larger producer in the differentiated sectors; 12 i.e., the two countries are dissimilar or asymmetric in an extreme manner. 13, 14 This is because, according to the monopolistic competition model of trade, a trade flow between countries will be larger when the exporter has larger production and the importer has larger income. Therefore, 11 For instance, one country has 70% of two countries' total GDP and 60% of their differentiated-sector production. 12 For example, one country has 30% of two countries' total GDP and 80% of their differentiated-sector production. 13 In fact, in such a case the adjusted similarity index takes a value over 0.5 and up to 1, compared to the case in which two countries are perfectly similar and symmetric (sim * = 0.5). 14 In the data used in the current study, the number of such uncommon cases for the OECD countries is 228 out of the total 3,630 observations; and 2,144 out of 14,565 for the non-OECD countries. See Section 4 for the detailed description of the data.
having the sizes of GDP and sectoral production adjusted (or normalized), the trade flow in the sector will be larger when one country imports the whole domestic production of the other country (for a hypothetical case in which one country has 100% of a country pair's GDP but no production in the considered sector, while the other country has zero income but 100% of the country pair's production in that sector), rather than when two countries exchange a half of their respective production (for another hypothetical case in which two countries are exactly equal in both GDP and sectoral production).
Empirical Approaches to Estimate Volume-of-Trade Equations
In this section, I describe empirical specifications to estimate the volume-of-trade equations derived in the preceding section, to test how well bilateral trade is explained by the size similarity of two trading economies. Each approach is taken to estimate both Equation (2A) for aggregate trade and Equation (2D) for trade in the differentiated sectors. The results of the estimation from each approach, which is presented in the fifth section, are compared to examine how the proposed alternative model for the differentiated-sector trade differs from the conventional model for aggregate trade.
OLS Estimation of Log-linearized Form
As a benchmark, I first estimate the volume-of-trade equations in a log-linearized form by the OLS. Recalling Equations (2A) and (2D), but also considering other potential factors that may affect bilateral trade flows: 15 Since panel data are used for the estimation, here and in the rest of this paper, variables in the equations are expressed with script t to denote a time period. which are assumed to be log-normally distributed. Taking the logarithm of both sides of the two equations (2A') and (2D') yields the following linearized equations:
Equation (3A) for the volume of aggregate bilateral trade is the same as the main empirical specification that is employed by Debaere (2005) .
16 Equation (3D), which is designed to account for the volume of bilateral trade in the differentiated sectors, is an alternative empirical approach that this paper proposes. Both equations are estimated by OLS regression with country pairspecific dummies (μ ij ). Year-specific dummies are also included for the estimation in order to capture any trend in or shocks to trade flows that are common for all countries in the world.
Equations ( in the non-OECD sample. 18 For the estimation of the log-linear equations, these zero-valued observations bring the problem of undefined logarithmic values in the left-hand side. To handle this problem, for the benchmark estimation I (i) omit such zero-trade observations and use only observations with positive differentiated-sector trade; but also (ii) include these zero-trade observations for estimation by replacing zero with a very small positive number.
19, 20

Non-linear Model for Zero-trade Observations: Poisson Quasi-maximum Likelihood Estimation:
Although replacing zero with a small positive number has been a convention in estimating a logarithmic form, it is not ideal. It is more desirable if there exists an other appropriate alternative estimation method that can treat zero in the value of trade as it is.
Hummels and Levinsohn (1995) ) in the data is 9.4e-9, and I thus chose 10 -9 (1.0e-9) for the positive small number replacing zero. 21 The level forms of the volume-of-trade equation in the two studies are not the same. Hummels and Levinsohn (1995) used the value of (aggregate) trade (VT ij ) as the dependent variable, while Debaere (2005) 
The main difference from the benchmark log-linear form (3A) or (3D) is that in the above form the stochastic error term ε ijt is additive, instead of multiplicative as in Equations (2A') and (2D').
Tobit Estimation of Log-linearized Form
For the purpose of robustness check of the OLS estimation of the log-linear form, I also apply the Tobit regression to estimate the volume-of-trade equations. Even for the Tobit estimation, zero-trade observations in the data bring the issue of the undefined logarithm of zero in principle. However, in the specific data used in the current study, 23 bilateral trade is recorded in thousands of U.S. dollars, and thus no (or zero) value is recorded when the value of bilateral trade is less than $500 (rounded to zero thousands). Using this feature of the employed data, I
apply the Tobit estimation to the following log-linear specification, which is slightly different from Equations (3A) and (3D):
where VT ijt or VT ijt D is the observed or recorded value of bilateral trade in the data, while VT ijt * or VT ijt D* is the underlying actual trade value. 24 The following two things should be noted for this estimation approach. First, a country pair's total production (X 
The Data
To estimate Equations (3A) and (3D) through (5A) and (5D) presented in the previous section, data on trade, GDP, and industrial production have been collected for various countries. 24 It should be noted that the unconditional fixed-effect Tobit model will generally be biased due to the problem of incidental parameters (Hsiao, 2003 ; pp.48-9, 243). 25 Note that the world GDP (Y w ) in this study also counts GDP of countries that are not included in the sample, and thus is greater than the sum of GDP of the 89 sample countries. The data on gross output in nominal U.S. dollars are used.
The data for the current study cover 89 countries for the years 1970 through 1997. These countries all have population above one million as of the year 1997. The countries are divided into two groups, OECD countries and non-OECD countries, according to the actual OECD membership as of the year 1973. 26 As a result, the data include 20 countries (190 bilateral pairs)
in the OECD group and 69 countries (1,808 pairs 27 ) in the non-OECD group. Table 1 28 26 1973 is the year in which New Zealand joined the OECD. New Zealand was the newest member until Mexico joined in 1994. 27 The number of country pairs in the data is less than 69 C 2 = 2,346. This is because the 69 countries include countries that appear in the data as one of a country pair in any year(s), while some country pairs have no years for which production or GDP data are available for both countries. For instance, the data for Mexico are available only for 1994-97 while the data for Hong Kong are available only for 1973-90. As a result, bilateral trade between these two countries is not included in the data for any year. 28 I cannot make the panel balanced for the entire 190 + 1,808 country pairs for the 28 years due to the lack of data for one or more variables for some countries in some years.
Industry/commodity classifications for the production data and trade data
Since the trade data and the production data are based on different classification schemes, mapping one classification onto the other is required to merge the two datasets using a common classification. 29 In the production data 28 manufacturing industries are classified according to the three-digit ISIC, while in the trade data goods are classified into over a thousand categories according to the four-digit SITC. The mapping thus requires condensing the four-digit SITC 29 While the ISIC for the production data is based on industrial activities, the SITC for the trade data is based on commodity characteristics. Since the two classifications are based on different principles, the mapping cannot necessarily be one-to-one. 30 The original mapping is from the five-digit SITC to the three-digit ISIC. However, since the trade data have only the detail of the four-digit classification, I disregarded the details of the five-digit SITC in the original concordance.
therefore group these 10 three-digit industries as representative of the differentiated sectors, and accordingly compute bilateral trade and production in these differentiated sectors for each country pair for each year. These 10 differentiated manufacturing industries comprise 31.2% of the world aggregate trade on average, with the share in each year ranging from 24.3 to 37.0%
during the period of 1970-1997. 31 These shares in the total trade flows among the 89 sample countries are: 41% on average with annual shares ranging 33 through 49% for the OECD countries; and 13% on average with annual shares ranging 9 through 21% for the non-OECD countries.
Zero-trade Observations
In 
Empirical Results
OLS Estimation of Log-linear Form
The results of the benchmark OLS estimation of the log-linear form of the volume-oftrade equations are presented in Tables 2 and 3 . In each table, the second through fourth columns
show the results for the OECD countries, and the fifth through seventh columns show the results for the non-OECD countries. For each country group, one column shows the result of the estimation of Equation (3A) for aggregate trade, and one column shows the result of the estimation of Equation (3D) for the differentiated-sector trade. For the purpose of comparison, the sectoral equation (3D) is also estimated for a group of three-digit ISIC manufacturing industries that are not included in the differentiated sector. 33 The estimation result for these "nondifferentiated" sectors (indicated as "ND") is shown in another column for each country group.
The lower part of the tables shows the results of the tests, in the p-values, of the hypotheses that (i) the coefficient for the index of size similarity equals one; (ii) the coefficient for a country pair's world GDP share equals one; and (iii) these two coefficients are jointly equal 33 The "non-differentiated" sector group consists of the following 17 three-digit ISIC industries: 311 (food products), 313 (beverages), 314 (tobacco), 321 (textiles), 323 (leather products), 331 (wood products), 341 (paper and products), 342 (printing and publishing), 351 (industrial chemicals), 352 (other chemicals), 353 (petroleum refineries), 354 (miscellaneous petroleum and coal products), 369 (other non-metallic mineral products), 371 (iron and steel), 372 (non-ferrous metals), 381 (fabricated metal products), and 383 (electric machinery). The miscellaneous category 390 is excluded from both differentiated and non-differentiated groups.
to one. These hypotheses are what the monopolistic competition model suggests when international trade is frictionless. It should be noted, however, that in reality various kinds of trade friction exist, and not all of them may be controlled for by country-pair specific dummies in the estimation. Having such trade friction, the coefficient estimates may be different from (smaller than) one even though the estimation suggests a positive and significant relationship between the volume of trade and the respective determinants. Table 2 shows the result of the OLS estimation using observations with positive trade values but excluding zero-trade cases. In the following, to focus on the tested prediction on the relationship between the volume of bilateral trade per production and the size similarity between trading countries, I put my main focus on the estimate of the coefficient for the similarity index (β 1 ). 34 The result indicates that among the OECD countries the positive relationship between the volume of trade per production and the size similarity index is significant for both aggregate and differentiated-sector trade. This relationship is also positive for trade in non-differentiated sectors but less significant. In addition, the size of the coefficient estimate is the largest for the differentiated sectors ( 1 β = .858), it is smallest for the non-differentiated sectors ( 1 β = .312), and the case for aggregate trade falls in between ( 1 β = .422). The difference between the estimate for the differentiated-sector case and those for the other two cases is significant. 35 On the other hand, for the non-OECD countries, the coefficient is estimated to be positive and significant (at the 1% level) for all the three cases; but the difference in the value of the estimate is not significant across the cases.
36 34 The estimates of the coefficient for the countries' world GDP share (β 2 ) are discussed in a later subsection. 35 The hypothesis that 1 β is the same between the aggregate case and the differentiated-sector case is rejected at the 5% level of significance. 36 The p-value of the test of 1 β being equal between the differentiated-sector case (with the largest value) and the non-differentiated-sector case (with the smallest value) is 0.30.
The same equations (3A) and (3D) (, as well as (3ND)) are also estimated by OLS using all the observations with zero-trade values being replaced with a small positive number (10 -9 ).
The result is shown in Table 3 . 37 For the OECD countries, the overall result is the same as the previous case, except that now the estimate for the non-differentiated sector is not significant even at the 10% level. However, for the non-OECD countries, the coefficient estimate is insignificant for all the three cases. 38 The point estimate for differentiated-sector trade is larger than that in the other two cases, but the difference is not significant. 39 In other words, for the non-OECD countries, the OLS estimation of the log-linear form of the volume-of-trade equation
gives a different picture depending on whether zero-trade observations are excluded or included.
Alternative Estimation of the Log-linear Form: Tobit
The Tobit estimation of the log-linear equations is also performed to see the robustness of the result when both zero-and nonzero-trade observations are included. Equations (5A) and (5D) are estimated for aggregate and differentiated-sector trade, respectively. As in the OLS estimation, Equation (5D) is also estimated for non-differentiated sectors (ND). The result is shown in Table 4 . The overall picture is similar to Table 3 for the OLS estimation having zerotrade observations included, but the coefficient estimate 1 β increases its significance in the differentiated-sector equation (5D) for both country groups. In particular, for the non-OECD countries the estimate is weakly significant (at the 10% level) in (5D) while it is insignificant in 37 It should be noted that the result is somewhat sensitive to the choice of the small positive number for zero-trade values, except for the case of aggregate trade between the OECD countries. In particular, when a much smaller number (such as 10 -18 or smaller) is applied, the estimate of coefficient for the similarity index (β 1 ) is insignificant (or its p-value exceeds 10%) for the differentiated-sector equation even for the OECD countries. On the other hand, for the non-OECD countries the result for the differentiated sectors does not qualitatively change in terms of the signs and significance of the estimates of two coefficients (β 1 and β 2 ). 38 Note that the result for aggregate trade is consistent with Debaere's (2005) . 39 The p-value of the test of 1 β being equal between the differentiated-sector case (with the largest value) and the non-differentiated-sector case (with the smallest value) is 0.22.
other two equations (5A) and (5ND). 40 This result indicates that the separation of the differentiated sectors in estimating the volume-of-trade equation, which the current paper proposes, gives evidence of the prediction of the monopolistic competition model more clearly than the conventional aggregate trade approach does.
Poisson Quasi-maximum Likelihood (PQML) Estimation
The above three estimation methods do not treat the zero value in the trade data as it is.
On the other hand, the proposed estimation of Equations (4A) and (4D) by the Poisson quasimaximum likelihood (PQML) procedure can treat zeros in observations as they are. Table 5 presents the result of the PQML estimation. Equation (4D) is also estimated for the nondifferentiated sectors (ND).
The result for the OECD countries is consistent with the estimation results by the previous three methods, while the estimated coefficient for the similarity index is significant at the 1% level not only in the aggregate and differentiated-sector equations but also in the nondifferentiated-sector equation. In other words, the estimation shows that among the OECD countries the positive correlation between the volume of trade per production and the adjusted size similarity is indicated even in the non-differentiated sectors. However, this may be because these non-differentiated sectors comprise manufacturing industries. These industries are excluded from the "pure" differentiated sectors, but that does not mean that products in these industries are all homogeneous. A more important thing in the estimation result is that the size of the estimated coefficient is the largest for the differentiated-sector trade, the median for the aggregate trade, and the smallest for the non-differentiated sectors. The coefficient estimate in the differentiated-sector equation is significantly larger than the estimate in the other two equations. 41 For the non-OECD countries, the coefficient estimate is also significant in all the three equations (4A), (4D) and (4ND), at least at the 5% level. However, the estimate for the differentiated sector is the smallest and least significant, 42 which is counter to the expectation from the theory. In other words, the result of the PQML estimation implies that, among the non-OECD countries, the positive correlation between the volume of trade per production and the size similarity between countries is more striking as international trade contains more nondifferentiated products.
Comparison of Four Approaches to Estimation
The above four estimation approaches give consistent results for the OECD countries, but for the non-OECD countries they provide different results from each other. To see which method describes the data, especially for the non-OECD countries, better than the others, I use the Akaike Information Criteria (AIC) 43 for the four estimation specifications. The AIC measures the goodness of fit of an empirical model, and a model with a lower AIC value is preferred to that with a higher AIC value. Table 6 compares the value of the AIC of each estimated model for the two country groups and the three versions (A, D, and ND). For any country group and any version, the estimated model by the PQML has the lowest AIC value, the OLS with only positive-trade observations gives the next lowest, the Tobit gives the third, and the estimated model by the OLS including (value-replaced) zero-trade observations has the highest AIC value. 41 The difference is significant at the 10% level between (4D) and (4A), and at the 5% level between (4D) and (4ND). 42 However, the difference of the estimate between (4D) and the other two equations is not significant (the p-value is 0.15). 43 Akaike (1974) .
This comparison indicates that, for any case, the equation estimated by the PQML describes the data the best.
Summary and Discussion
As described above, the result for the OECD countries is consistent across the four estimation approaches. The estimated coefficient for the size similarity index is positive and significant not only in the differentiated-sector-trade equation but also in the aggregate-trade equation. The estimate for the differentiated sectors, however, is significantly larger than that in the other cases, and is also close to one. 44 On the other hand, the estimation for the non- On the other hand, for the non-OECD countries, the results are mixed in the four approaches. Some methods estimate the coefficient for the similarity index being insignificant even in the differentiated-sector equation, but other methods estimate the coefficient being significant even for the non-differentiated sectors. However, the estimation by the PQML, which has econometric advantages (small potential estimation bias with zero-valued data) and better describes the data with a lower AIC value than the other three approaches, shows that the coefficient for the size similarity index is significant regardless of whether the traded sectors are differentiated or not. This result brings us back to Hummels and Levinsohn's puzzle; and also implies that Debaere's finding may be due to his way of handling zero-trade observations in estimation. Moreover, the current study deepens the puzzle. That is, the estimation indicates that for the non-OECD countries the correlation between the volume of trade and the size similarity between trading economies is weaker in the differentiated sectors than in the less differentiated sectors, while the correlation should be driven by product differentiation if the monopolistic competition model applies. The current study thus implies that some different mechanism from horizontal product differentiation may underlie the observed relationship between the volume of trade and the size similarity among these lower-income countries.
World GDP Share of Trading Countries
So far the analysis has been focused on the significance of the size similarity of two trading economies, which is one of the two determinants of the volume of trade per production in the model. In this subsection, I briefly discuss the estimation results for the other determinant:
the GDP of two trading countries as a share in the world GDP (or, more simply, the country pair's world GDP share, s ij ). According to the monopolistic competition model, two countries'
world GDP share should also be positively correlated with the volume of bilateral trade as a share in the countries' total production.
The results of the estimation from the four different approaches are as shown in Tables 2   through 5 . For the OECD countries, the coefficient for the world GDP share (β 2 ) is insignificant in any estimation for any country group and trading sector. This result suggests that among rich countries how large trading countries are in the world may not be very important for the volume of trade per production. Exceptions, however are the estimates in the differentiated-and nondifferentiated-sector equations, (4D) and (4ND), estimated by the PQML. In these cases the coefficient is estimated to be positive and significant. In particular, for the differentiated sectors the estimate is fairly large (but smaller than one) and very significant (at the 1% level). This (other chemicals), 354 (miscellaneous petroleum and coal products), 369 (other non-metallic mineral products), and 371 (iron and steel). Table 7 compares the benchmark and these two alternative groupings of the differentiated sectors by showing which three-digit ISIC manufacturing industries are included. Note that these two alternative groupings of the differentiated sectors cover broader sets of industries than the benchmark, and the second grouping includes more industries than the first.
The results of estimation by the respective four methods are presented in Tables 8.1 through 8.4 for the first alternative differentiated-sector grouping, and in Tables 9.1 through 9.4 for the second alternative grouping. The estimation results for both alternative groupings do not differ from the results of the estimation for the benchmark differentiated-sector grouping that are shown in Tables 2 through 5 ; and they thus confirm that the estimation results are robust across groupings of (non-)differentiated sectors.
It should also be noted that, for the OECD countries, the estimated coefficient for the size similarity is smaller in the differentiated-sector equation (D), and so is it in the non- 
Conclusion
This paper proposes an alternative approach to testing the monopolistic competition model of international trade. The monopolistic competition model, in which the main driving force of international trade is horizontal product differentiation, suggests that the volume of trade will be larger as trading countries are more similar in the size of the economy. In the preceding studies such as Hummels and Levinsohn (1995) and Debaere (2005) , this implication of the model has been tested for the relationship between aggregate trade and GDP similarity among countries, while aggregate trade includes sectors that are not characterized by product differentiation.
In contrast to the existing literature, this paper focuses on trade of differentiated products that the monopolistic competition model directly aims to describe. The paper derives the equation for the volume of trade of differentiated products under less restrictive assumptions than those required to derive the aggregate-trade equation. The derived equation predicts that the volume of trade in the differentiated sectors will be larger as the trading countries are more similar in GDP and more symmetric in production structure. This prediction is tested using the disaggregated data on trade and manufacturing production for various countries, in which industries are classified into the differentiated and non-differentiated sectors using the information on the degree of product differentiation provided by Rauch (1999) . The test employs not only the conventional OLS regression for the log-linearized form of the equation but also the non-linear estimation methods such as PQML to handle zero-trade cases in the data.
The result shows that the predicted positive correlation between the volume of trade and the size similarity among countries is significant for both aggregate and differentiated sectors, regardless of whether the trade is among the OECD or non-OECD countries. This result, contrary to Debaere's conclusion, brings us back to the puzzle presented by Hummels and Levinsohn. Moreover, the proposed alternative approach in this paper reveals the following. This appendix is to review empirical approaches of the two preceding studies; Hummels and Levinsohn (1995) and Debaere (2005) . Both studies estimated some versions of the equation for the volume of aggregate bilateral trade, which are derived from the monopolistic competition model based on the two assumptions A1 and A2 described in the second section of this paper.
The derivation of the equation is left to the section.
Hummels and Levinsohn (1995)
Hummels and Levinsohn estimated the following forms:
i for OECD countries:
for non-OECD countries:
Some points should be noted, in terms of differences from the equation applied in the current paper. First, they used the (logarithm of) the volume of aggregate trade itself as the dependent variable, rather than the volume of trade per GDP as in Equation (3A) in this paper. A country pair's GDP, which appears as the denominator on the left-hand side in Equation (3A), was put on the right-hand side as the product term with the size similarity index in their forms. Secondly, they accordingly estimated only one coefficient for the product term of GDP and the similarity index ii ; but did not estimate the impacts of the two factors separately. Thirdly, they assumed, as Helpman (1987) did, that the world income share of a pair of two countries would not change (at least much) across years, so that the term for the world income share (y ij ) was considered to be i Notations are not the same as those used in the original paper. ii Imposing the restriction that the coefficients for the two elements are the same is not a problem by itself, since the model suggests that the both elements are strictly proportional to the volume of trade. However, Debaere claims an econometric problem in this approach, as described later. 
Debaere (2005)
Debaere started with a claim that the result of Hummels and Levinsohn, which was counter to the expectation for non-OECD countries, may have been driven by a high correlation between the volume of trade and GDP of country pairs rather than a correlation between trade and the size similarity of trading economies. He argued that, although the size similarity would not at all relate to, and thus be totally independent of, the volume of bilateral trade, the coefficient estimate for the product term of GDP and the similarity index (Y ijt ·sim ijt ) would be significant if GDP (Y ijt ) is highly correlated to the volume of trade. This is in fact highly likely since in general the absolute volume of trade of large countries is greater than that of small countries.
iii Therefore, he used regression equations whose dependent variable was the volume of iii However, it should be noted that Hummels and Levinsohn seem to have noticed this issue by themselves. In fact, as they mentioned in their paper (Hummels and Levinsohn, 1995;  pp.808, footnote 14), they also estimated an equation separating the term for income size or GDP (Y ijt ) from the similarity index, from which they concluded that the impact of the similarity index was still significant.
bilateral aggregate trade as the share in GDP of the country pair. His benchmark is the estimation of the log-linear equation, which was the same as Equation (3A) in this paper, by the OLS with country pair-specific and year-specific dummies. For zero-trade observations in his non-OECD data, he applies a similar "replacement method" to the one that is used in the current paper. d'Ivoire from the non-OECD group due to the unavailability of the data for these countries. vi Note that the data in the current study cover a broader range of countries for both OECD and non-OECD groups (see Table 1 ).
OECD countries (14) Non Notes : All variables are in logarithm. Log of GDP (for the aggregate specification) or log of sectoral production (for the differentiated-sector specification) is included as a regressor, but the coeffient for the term is constrained to be 1. The OECD group includes 20 countries and the non-OECD sample includes 69 countries, both for years 1970-97. All observations are included, and left-censored at the value of ln($500). Country pair-specific and year-specific dummies are included in the regressions. Standard errors are clustered by country pair. ***, **, * indicate the significance levels at 1%, 5%, and 10%, respectively. The lower parts of the 
